INTRODUCTION
Common indications for autotransplantation include the transplantation of impacted teeth to their normal position, agenesis of teeth, lost teeth (as a result of caries or periodontal and periapical lesions) and trauma. 1, 2 In children, the most common indication, agenesis usually involves the second premolars. Growth and developmental changes are complicating factors which may pose a challenge to premolar replacement. 3, 4 The potential for orthodontic alignment after autotransplantation of these teeth offers a great advantage.
Autotransplantation is described as an effective treatment for the replacement of missing teeth. Survival rates vary from 74-100%. [4] [5] [6] [7] [8] Success depends on careful management, especially of the periodontal ligament, during the surgical procedure. Maintaining an intact periodontal ligament during transplantation aids bone induction, prevents root resorption (replacement and surface resorption) and creates the possibility of orthodontic movement. 4, 6 Autotransplantation is a reliable treatment option for the replacement of missing teeth; however, there is a wide variation in reported survival rates. The purpose of this study was to evaluate the success and survival rate of premolar autotransplantation and to underline the importance of autotransplantation in the treatment of missing teeth. We present the treatment and follow-up of 63 premolar autotransplants in 44 patients. After transplantation under local anaesthesia, radiological and clinical follow-up showed a survival rate of 100%, ie all premolars were still functional. We conclude that autotransplantation of premolars is a reliable treatment method especially for agenesis. It is not diffi cult to perform and is aesthetically superior and more cost-effective than other treatments, especially when orthodontic alignment is necessary.
varied from 10-31 years with a mean of 13 years. There were 18 male and 26 female patients. All patients had been referred by an orthodontist or dental practitioner. In all cases, premolars were transplanted to another premolar site.
Pre-operative orthopantomograms (OPTs) or single-tooth radiographs were available for all patients. Whenever possible, surgery was planned when the length of the apex was between a half and three-quarters of its estimated fi nal length. Fifty-three (84.1%) donor teeth showed a root formation of a half to threequarters at the time of transplantation. Because of late referrals, six teeth were transplanted after root formation was three-quarters completed.
The most common indication (95%) was agenesis of a lower second premolar in combination with a class II malocclusion. Root curvature and bucco-palatal dimensions determined whether the fi rst or second maxillary premolar was selected for transplantation.
In the majority of cases, the transplantations were performed under local anaesthesia. Antibiotic prophylaxis was administered before surgery in all patients (amoxicillin 500 mg orally, thrice daily for one week).
Using local anaesthesia, the primary tooth on the acceptor site was gently • Autotransplantation is easy to perform surgically and the treatment is well tolerated by young patients.
• Autotransplantation is aesthetically superior and more cost-effective than other treatments like fi xed prostheses and osseo-integrated implants.
• Success of autotransplantation depends on careful management during the surgical procedure, especially of the periodontal ligament.
I N B R I E F PRACTICE
removed with forceps. Care was taken to prevent damage to the periodontal ligaments. After limited elevation of the periosteum of the donor site, the tooth was preserved in saline while a neo-alveolus was prepared with a bur. When the deciduous molar was extracted in the same session before transplantation, no periosteal elevation was performed. The alveolus was fashioned until the premolar fi tted with slight occlusal pressure just caudally of the occlusal plane. A rotation of 90 or 180 degrees was considered in cases with curved roots or when necessary to achieve a better fi t to the surrounding bone. After transplantation, the tooth was fi xed with a Vicryl 3 × 0 suture (Ethicon/Johnson & Johnson, Amersfoort, The Netherlands) crossing from the mesial to the distal gingival papilla. Care was taken to prevent interocclusal contact with the newlyplaced tooth.
After surgery, the patient was prescribed chlorhexidine and analgesics, and was provided with instructions on soft diet and oral hygiene. Post-operative followup consisted of radiographs and clinical examinations at one week, six months and 12 months post-surgery (Fig. 1) . After one week, the sutures were removed. Clinical examination included assessment of any colour change in the tooth, mobility and position, as well as percussion and probing of the gingiva. The radiographs were evaluated for signs of internal or external root resorption, periapical pathology, root canal obliteration, marginal bone loss and root development (Fig.  1) . If internal or external root resorption or periapical disease was present, the patient was referred to a dentist for endodontic treatment.
In the radiographs shown in this paper, agenesis of the 45 is visible (Fig. 1a) . The 25 was transplanted. Inadequate root development is present in the second premolar on the right. The alveolus of the 85 is still present (Fig. 1b) . After six months no pathology is present, the alveolus of the 85 is fi lled out with bone, root obliteration becomes apparent and some root development is visible at the apex (Fig. 1c) .
RESULTS
All of the 63 premolars were functional 12 months post-transplant. One tooth had a lingual pocket which was treated. None of the premolars showed colour changes. No pathological mobility was found. In 12 premolars (19%) a high percussion sound was observed. At the request of the orthodontist, three of these were slightly luxated in a later session because of infraposition.
Three premolars (5%) needed endodontic treatment to arrest periapical resorption. One tooth was endodontically treated preoperatively because of total root formation at transplantation. Fifty-six premolars (89%) showed more or less obliteration of the root canal. Thirty-eight premolars (60%) showed lengthening of the root after transplantation. Sixty-two transplants (98%) were orthodontically moved after transplantation.
DISCUSSION
Autotransplantation of premolars is considered a superior treatment in cases of agenesis of lower second premolars in combination with class II malocclusion. The potential for orthodontic movement of transplanted premolars is a great advantage in children in comparison to other treatment options such as osseointegrated implants. Despite the high success rates of implants nowadays, growth in children will result in movement of the teeth. Eruption or orthodontic alignment is not compatible with rigid implants. Rehabilitation with fi xed prostheses (crowns and bridges) is also a possibility, but the extended preparation required for what are usually healthy teeth and the natural lifespan of these restorations (about ten to 20 years) makes them less suitable. 5, 6 For these reasons, patients presenting before the pubertal growth phase should ideally benefi t from autotransplantation. However, autotransplantation should not be carried out at too early a stage of root development, because the prognosis is not as predictable.
The reported survival and success rates of transplanted teeth vary from 74-100%. [4] [5] [6] [7] [8] Careful removal of the donor tooth with preservation of a viable periodontal ligament is considered crucial. Placement of the transplanted tooth without pressure in a well-formed neo-alveolus is also considered a key to success. 2, 6, 7 These factors were also considered important in our series, resulting in similarly high success rates.
Some researchers describe positioning of when pathological changes were observed in the periapical region and not on obliteration of the pulp canal only. 15 Three of our patients needed endodontic treatment to arrest periapical infl ammation.
It was noted that one premolar developed a lingual pocket that was probably caused by surgical damage to the periodontium. This proved treatable and the premolar was functioning well during follow-up.
Patients were administered antibiotics before the surgery. Because of the high success rate, there may be grounds for omitting this prophylaxis, which would also be in keeping with a current trend away from administering antibiotics in dental implant surgery.
In the reported series of patients, orthodontic treatment was started after three months. Of the transplanted premolars, 98% were successfully moved orthodontically. This is in line with Paulsen et al., 12 who advise starting after periodontal healing but before total pulp canal obliteration, ie 3-9 months after transplantation.
A few teeth showed a higher percussion sound (19%). However, during orthodontic treatment only three premolars were markedly ankylosed and required luxation, after which they were successfully moved.
CONCLUSION
Autotransplantation of premolars is a reliable treatment for agenesis of premolars. Its potential to accommodate growth and orthodontic treatment is an important factor favouring autotransplantation above other treatment options. Autotransplantation is surgically easy to perform. The treatment is well-tolerated by young patients and is both aesthetically superior and more cost-effective, especially when orthodontic alignment is necessary.
